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1
INPUT DETECTION SYSTEM

TECHNICAL FIELD

This disclosure generally relates to determining an indi-
vidual’s current focal distance by measuring parameters asso-
ciated with binocular vision focusing using one or two contact
lenses.

BACKGROUND

Various virtual and augmented reality systems generate
three dimensional images from a viewer’s perspective. As the
viewer’s perspective changes, scaling and placement of
objects of three dimensional images change. However, many
of these systems are fixed focus and fail to accommodate the
viewer’s current focal distance to an object of the three
dimensional image or the real world in which the three dimen-
sional images are projected. Accordingly, these systems lack
accuracy with respect to scaling and placement of objects of
the three dimensional images.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 presents an exemplary system for determining an
individual’s current focal distance using one or two contact
lenses in accordance with aspects described herein

FIG. 2A-2D illustrate various systems for determining an
individual’s current focal distance using one or two contact
lenses in accordance with aspects described herein

FIG. 3 presents an example embodiment of a contact lens
that facilitates generating data related to a wearer’s current
focal distance in accordance with aspects described herein.

FIG. 4 presents another example embodiment of a contact
lens that facilitates generating data related to a wearer’s cur-
rent focal distance in accordance with aspects described
herein.

FIG. 5 presents another example embodiment of a contact
lens that facilitates generating data related to a wearer’s cur-
rent focal distance in accordance with aspects described
herein.

FIGS. 6A and 6B depicts example positions of a contact
lens employing a motion/position sensor to generate data
related to movement and/or a position of the contact lens as
the eye over which the contact lens is worn changes focal
distance, in accordance with aspects described herein.

FIGS. 7A and 7B demonstrate a mechanism by which a
pair of contact lenses facilitate determination of a wearer’s
current focal distance in accordance with aspects described
herein.

FIG. 8 demonstrates an example embodiment of a system
employing a contact lens utilizing signal emitting and receiv-
ing components to detect position information associated
with respective eyes of an individual, in accordance with
aspects described herein.

FIG. 9 demonstrates an example embodiment of a system
employing a pair of contact lenses utilizing signal emitting
and receiving components to detect position information
associated with respective eyes of an individual, in accor-
dance with aspects described herein.

FIG. 10 presents an exemplary reader device for receiving
information from a contact lens related to a wearer’s current
focal distance in accordance with aspects described herein.

FIG. 11 is an exemplary flow diagram of a method for
generating data related to an individual’s current focal dis-
tance using one or two contact lenses, in accordance with
aspects described herein.
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FIG. 12 is another exemplary flow diagram of a method for
generating data related to an individual’s current focal dis-
tance using one or two contact lenses, in accordance with
aspects described herein.

FIG. 13 is another exemplary flow diagram of a method for
generating data related to an individual’s current focal dis-
tance using one or two contact lenses, in accordance with
aspects described herein.

FIG. 14 is an illustration of a schematic diagram of an
exemplary networked or distributed computing environment
with which one or more aspects described herein can be
associated.

FIG. 15 is an illustration of a schematic diagram of an
exemplary computing environment with which one or more
aspects described herein can be associated.

DETAILED DESCRIPTION

In one or more aspects, the disclosed subject matter relates
to a system having a first contact lens and a second contact
lens respectively configured to be worn over first and second
eyes of an individual. The first and second contact lenses
respectively have first and second substrates and first and
second circuits respectively disposed on or within the first and
second substrates. The first and second circuits are configured
to respectively generate first data related to a focal trajectory
of'the first eye and second data related to a focal trajectory of
the second eye. In an aspect, the first circuit employs the
second contact lens to generate the first data and the second
circuit employs the first contact lens to generate the second
data. In another aspect, the first and second circuits are
respectively configured to generate the first and second data
respectively, in response to movement of the first and second
eyes respectively, and particularly in response to vergence
movement.

In another aspect, the disclosed subject matter provides
contact lenses configured to generate data associated with a
wearer’s current focal distance. In an aspect, a contact lens is
provided that is configured to be worn over a first eye of an
individual. The contact lens comprises a substrate and a ver-
gence component disposed on or within the substrate and
configured to generate data related to movement of the first
eye. The contact lens further comprises a communication
component configured to receive, from a second contact lens
worn over a second eye of the individual, second data related
to movement of the second eye, and a processor configured to
identify vergence movement of the first and second eyes
based on the first and second data and determine a position of
the first eye with respect to a position of the second eye based
on the vergence movement.

Inone or more additional aspects, amethod is provided that
includes generating first data related to position of a first eye
over which a first contact lens is worn using the first contact
lens, generating second data related to position of a second
eye over which a second contact lens is worn using the second
contact lens, transmitting the first data and the second data to
a device remote from the first and second contact lenses. Inan
aspect, the method further includes detecting movement of
the first eye and the second eye and generating the first data
and the second data in response to the detecting.

Various aspects are now described with reference to the
drawings, wherein like reference numerals are used to refer to
like elements throughout. In the following description, for
purposes of explanation, numerous specific details are set
forth in order to provide a more thorough understanding of
one or more aspects. It is evident, however, that such aspects
can be practiced without these specific details. In other
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instances, structures and devices are shown in block diagram
form in order to facilitate describing one or more aspects. It
should be appreciated that elements of the drawings, pre-
sented herein are not drawn to scale. Various features of
objects/components presented in the drawings are exagger-
ated and/or simplified merely for exemplary purposes.

With reference now to the drawings, FIG. 1 presents an
example embodiment of a system 100 for determining an
individual’s current focal distance using one or two contact
lenses in accordance with aspects described herein. System
100 includes a pair of contact lenses 102 and 116 respectively
worn over left 120 and right 110 eyes of an individual. System
100 presents a birds eye view (e.g. an elevated view from
above) of the individual’s eyes and the contact lenses worn
over the eyes. In system 100, the individual to which eyes 110
and 120 belong is focused upon object 130. The system fur-
ther includes a reader device 128 configured to wirelessly
receive information from one or both contact lenses 102 and
116.

Contact lenses 102 and 116 each respectively include con-
tact lens circuits 104 and 112 respectively, and vergence
components 106 and 114, respectively, disposed on or within
a substrate of the contact lenses. The respective vergence
components 106 and 114 are communicatively coupled to the
respective circuits 104 and 112, (e.g. via one or more wires).
In an aspect, although the respective vergence components
106 and 114 are pictured as separate elements from the
respective circuits 104 and 112, such illustration is merely
provided for ease of description of the various functions of the
different components. In particular, the vergence components
106 and 114 respectively connected to circuits 104 and 112
can form collective circuits on the respective contact lenses
102 and 116.

Vergence components 106 and 114 are configured to gen-
erate data associated with a wearer’s current focal distance
(FD) or focal plane (FP). In turn, a processor associated with
contact lens 102, contact lens 116, and/or reader device 128,
can employ the data to determine the wearer’s current focal
distance. Contact lens circuits 104 and 112 are configured to
respectively facilitate generation of data by the respective
vergence components, process data generated by the respec-
tive vergence components, and/or transmit data generated by
the respective vergence components to external reader device
128.

As used herein, the term focal distance (FD) refers to
distance an object upon which an individual (e.g. a wearer of
contact lens 102 and/or 116) is gazing at is away from the
individual. In an aspect, FD is measured as a substantially
perpendicular trajectory path from a point between the eyes to
an object upon which the individual is gazing. For example, in
FIG. 1, dashed line FD1 (where FD1 is a variable) represents
the individual’s (to which eyes 110 and 120 belong) current
FD with respect to object 130. Also, as used herein, the term
focal plane (FP) refers to the plane in space located at the FD
and substantially parallel to the eyes. For example, in FIG. 1,
dashed line FP1 (where FP1 is a variable) represents the
individual’s current FP.

System 100 (and additional systems herein) employs prop-
erties of eye convergence/divergence to determine an indi-
vidual’s current FP and/or FD. Humans have binocular
vision—with binocular vision, when an individual focuses on
an object, the eyes undergo a process called accommodation.
Accommodation is adjustment of optics of an eye to keep an
object in focus on a retina as its distance from the eye varies.
When a human with binocular vision looks at an object, the
eyes must rotate around a vertical axis so that projection of the
image is at the centre of the retina in both eyes. This rotational
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movement is referred to as vergence movement. In particular,
as used herein, the term vergence movement includes inward
or outward turning of both eyes in a substantially simulta-
neous fashion that occurs when focusing on an object. To look
at an object relatively close to an individual, the eyes rotate
towards each other. This process is referred to a convergence.
While looking at an object farther away, the eyes rotate away
from each other—this process is called divergence. When
looking into the distance, the eyes diverge until parallel,
effectively fixating the same point at infinity (or very far
away).

Vergence movements are closely connected to accommo-
dation of the eye. Under normal conditions, changing focus of
the eyes to look at an object at a different distance will
automatically cause vergence movement and accommoda-
tion. When an individual’s eyes complete accommodation
and vergence movement, the eyes will have brought an object
gazed upon into focus. As used herein, the phrase the eyes
have “reached convergence,” is used to indicate that the eyes
have performed vergence movement resulting in bringing of
an object gazed upon into focus. In other words, the subject
disclosure assumes eyes reach convergence when vergence
movement associated with a focusing event is completed.
Accordingly, the FD when the eyes have reached convergence
is the individual’s current FD.

In view of the above, system 100 employs vergence com-
ponents 106 and/or 114 to generate data associated with ver-
gence movement of the eyes 110/120 and more particularly,
data representative of visual trajectory of the eyes 110 and
120 when the eyes have reached convergence. In turn, this
movement data and/or visual trajectory data associated with
vergence movement of the eyes can be employed to determine
an individual current FD.

With reference to FIG. 1, T1 represents visual trajectory of
eye 110 and T2 represents visual trajectory of eye 120 (where
T1 and T2 are variables) when the eyes have reached conver-
gence (e.g. focused upon) with respect to object 130. In order
to focus on object 130, the eyes turn towards one another as
can be discerned by angled position of respective corneas 108
and 118 of eyes 110 and 120. In turn, a processor associated
with contact lens 102, contact lens 116, and/or reader device
128, can employ the visual trajectory data to determine the
wearer’s current FD or FP. For example, the visual trajectory
data can include and/or represent, but is not limited to, at least
one of: an intersection angle of T1 with FD1 (e.g. a 20°), an
intersection angle of T2 with FD1 (e.g.  20°), an intersection
angle of T1 and T2 (e.g. a 20°+f 20°=40°), length of T1,
length of T2, distance D1 (where D1 is a variable) between
center (e.g. pupil or cornea 108 and 118 respectively) of the
eyes, angle of an eye 110/120 with respect to a reference
point, such as an axis of the eye 110/120 (e.g. angle p 70°
and/or angle A 70°), position of the left eye, position of the
right eye, or position of the left eye with respect to the right
eye and vice versa. A processor can employ various algo-
rithms and/or look up tables relating the various visual tra-
jectory data parameters listed above with a FD and/or a FP to
determine an individual’s current FD and/or FP (e.g. FD1/
FP1). For instance, the processor can employ various algo-
rithms based on trigonometry principles.

A vergence component (e.g. 106 and/or 114) can employ
various mechanisms in order to generate the above noted data
related to an individual’s FD. In an aspect, a vergence com-
ponent employs one or more motion sensors to detect rota-
tional motion of an eye with respect to a reference point. In
another aspect, a vergence component can employ both a
signal transmitting component and a signal receiving compo-
nent. According to this aspect, the transmitting component of
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the first contact lens can transmit a first signal that is reflected
offof'the second eye or second contact lens and received back
atthe signal receiving component of the first contactlens. The
vergence component (and/or a processor associated with the
first contact lens or reader device) can then calculate time of
flight information associated with the received reflected sig-
nal and employ the time of flight information to determine
position of the first eye with respect to position of the second
eye. In yet another aspect, each of the vergence components
106 and 114 can employ sensors or transmitters that commu-
nicate signals to one another where a feature of a respectively
received signal is indicative of trajectory angle of the eye
from which the signal was transmitted or a distance between
a fixed reference point associated with the contact lenses or
the eyes. The various mechanisms for generating data related
to an individual’s FD by a vergence component are discussed
in greater detail with respect to FIGS. 3-8.

In an embodiment, system 100 uses information generated
by both contact lenses 102 and 116 (e.g. via vergence com-
ponent 106 and 114 respectively), in order to determine a
wearer’s current FD and/or FP. Further, in some embodi-
ments, system 100 employs communication between contact
lenses 102 and 116 in order for respective vergence compo-
nent 106 and 114 to generate data that can be employed to
determine a wearer’s current FD and/or FP. In another
embodiment, system 100 can operate with a single contact
lens 102 or 116. According to this embodiment, the vergence
component of the single contact lens can generate sufficient
data that can be employed by either the single contact lens or
an external device 128 to determine a wearer’s current FD
and/or FP. Accordingly, the operations and functions of con-
tact lens circuits 104 and 112 respectively, and vergence
components 106 and 114, respectively, can vary as described
in greater detail with respect to FIG. 2.

In some aspects, in order to generate data related to an
individual’s FD or FP, contact lenses 110 and 120 communi-
cate. For example, contact lens 110 can communicate infor-
mation regarding its movement to contact lens 120 and vice
versa. According to this aspect, circuits 104 and 112 can
respectively include communication components (not
shown) configured to transmit and receive information 122
between one another. In another aspect, circuit 104 can
include a communication component to facilitate transmis-
sion of information from contact lens 102 to a reader device
128. For example, in an aspect, contact lens 102 can generate
data related to a wearer’s current FD and transmit the data to
an external reader device 128 for processing and determina-
tion of the wearer’s current FD based on the data. Similarly
circuit 112 can include a communication component to facili-
tate transmission of information from contact lens 116 to a
reader device 128.

Contact lenses disclosed herein, including contact lenses
102 and 116, can include a substrate that can include various
materials. In an aspect, contact lenses disclosed herein
include soft lenses made from one or more soft polymer
materials including but not limited to, hydrogel, silicone
based hydrogel, polyacrlyamide, or hydrophilic polymer. For
example, in an aspect, contact lenses disclosed herein can
include crosslinked hydrogels including hydrophilic mono-
mers (e.g. N-Vinylpyrrolidone, 1-Ethenyl-2-pyrrolidone,N,
N-dimethylacrylamide,  2-hydroxyethyl  methacrylate,
hydroxyethyl acrylate, methacrylic acid and acrylic acid),
strengthening agents, ultraviolent light (UV) blockers, and
tints. In another aspect, contact lenses disclosed herein can
include silicone hydrogels (e.g. crosslinked hydrogels con-
taining silicone macromers and monomers, as well as hydro-
philic monomers that absorb water). In yet another aspect,
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contact lenses disclosed herein include hard lenses made
from one or more rigid materials including but not limited to,
silicone polymer, polymethyl methacrylate, or rigid gas per-
meable materials.

Turning now to FIGS. 2A-2D, presented are various
embodiments of systems for determining an individual’s cur-
rent FD using one or two contact lenses in accordance with
aspects described herein. Contact lenses of the systems
described in connection with FIGS. 2A-2D can include one or
more of the structure and/or functionality of contact lenses
102 and 116 (and vice versa). Repetitive description of like
elements employed in respective embodiments of systems
and contact lenses described herein is omitted for sake of
brevity.

With reference initially to FIG. 2A, presented is an
example system 201 for determining an individual’s current
FD. System 201 includes two contact lenses 204 and 214
respectively worn over an individual’s eyes 202 and 212, and
a reader device 222. Each of the contact lenses 204 and 214
include vergence components 210 and 216 respectively, and
contact lens circuits 206 and 218 respectively. With system
201, contact lenses 204 and 214 each autonomously generate
data related to a wearer’s current FD/FP using respective
vergence components 210 and 216. In other words, in system
201, contact lenses 204 and 214 do not need to communicate
with one another to generate data related to a wearer’s current
FD/FP.

In response to generating the data related to the wearer’s
current FD/FP, the contact lenses 204 and 214 then respec-
tively transmit the data 208 and 220 via communication com-
ponents within respective circuits 206 and 218, to reader
device 222 for processing thereof. According to this example
system, the circuits 206 and 218 of contact lenses 204 and 214
do not need to perform deterministic processing relating gen-
erated data to various factors indicative of the wearer’s cur-
rent FD. Rather, reader device 222 performs this processing
of the generated data. In particular, reader device 222 is
configured to determine the individual’s FP based on data
received from both contact lenses 204 and 214.

In system 201, vergence components 210 and 216 are
configured to perform various active functions to generate the
data 208 and 220 related to the wearer’s current focal distance
(FD) or focal plane (FP). The various mechanisms for gener-
ating the data are discussed infra.

In an aspect, vergence components 210 and 216 respec-
tively generate the data in response to respective movement of
the eyes 202 and 212. According to this aspect, vergence
components 210 and 216 are respectively configured to gen-
erate data related to at least movement of the eyes 202 and
212. For example, a vergence component (210 and/or 216)
can generate data indicating direction and timing/speed of
movement of an eye (202 and/or 212 respectively). According
to this example, a processor associated with reader device 222
can employ this data to determine whether eyes 202 and 212
are performing vergence movement (e.g. converging or
diverging) and thus changing FD, initiation of vergence
movement, and completion of vergence movement (e.g.
reaching convergence of the eyes).

In an aspect, a vergence component (210 and/or 216) can
further generate data related to positionofan eye (e.g. eye 202
and/or eye 212 respectively) with respect to a reference point,
including position of the left eye 212 with respect to the right
eye 202, and vice versa. For example, vergence component
210 can generate data that represents an angle parameter of
eye 202 with respect to a reference point (e.g. an axis of the
eye 202, or a reference point on the contact lens 204). Simi-
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larly vergence component 212 can generate data that repre-
sents an angle parameter of eye 212 with respect to a refer-
ence point.

Both contact lenses 204 and 214 can respectively transmit
generated data 208 and 220, including data indicating chang-
ing positions of eyes 202 and 212 as they move over time, to
reader device. Reader device 222 can then employ the data to
determine the wearer’s current FP. For example, a processor
of reader device 222 can employ this data to determine that
the eyes are undergoing vergence movement (e.g. because
based on the data, it can be determined that both eyes are
moving inward or outward at substantially a same time). The
processor can further determine visual trajectory of eyes 202
and 212 respectively at initiation of vergence movement and
completion of the vergence movement (e.g. by relating posi-
tions of an eye to predetermined visual trajectories). The
processor can further determine the wearer’s current FP at
initiation of vergence movement and completion of vergence
movement based on respective projected intersection points
of visual trajectories of eyes 202 and 212.

With reference now to FIG. 2B, presented is an example
system 203 for determining an individual’s current FD. In an
aspect, system 203 can include at least the functionality and
features of system 201. System 203 includes substantially the
same components and features of system 201 with exception
of vergence components 230 and 236 and circuits 226 and
234. In particular, the vergence components and circuits of
contact lenses 224 and 232 include additional functionality
and processing capabilities as compared to the vergence com-
ponents and circuits of contact lenses 204 and 214.

In an aspect, with system 203, contact lenses 224 and 232
employ each other to generate data related to the wearer’s
current FD/FP using respective vergence components 230
and 236. For example, vergence component 230 can transmit
signals to vergence component 236 which can be employed
by circuit 234 to determine position of contact lens 232 and/or
224. Similarly, vergence component 236 can transmit signals
to vergence component 230 which can be employed by circuit
226 to determine position of contact lens 232 and/or 224.

With system 203, circuits 226 and 234 can also communi-
cate information 240 between one another to facilitate gen-
erating information indicative of the individual’s FP. For
example, vergence components 230 and 236 can include sen-
sors configured to generate data representative of direction
and timing of movement of the respective contact lenses. In
anaspect, respective circuits 226 and 234 can be configured to
transmit such movement data to one another via respective
communication components of the circuits. In addition, the
respective circuits 226 and 234 can further include processing
capabilities, and employ the received movement data to deter-
mine when the eyes are performing vergence movement
including initiation and stopping of vergence movement. In
an aspect, in response to a determination that the eyes are
undergoing vergence movements and/or have reached con-
vergence, the respective vergence components 230/236 can
initiate generation of additional data related to the wearer’s
current FP. For example, the respective vergence components
can generate data related to position of the respective eyes
202/212 at completion of vergence movement, in response to
completion of vergence movement.

In another example, circuits 226 and 234 can communicate
information 240 between one another regarding operations of
their respective associated vergence components. For
example, vergence component 230 can transmit a signal at
time T5 to vergence component 236 that is received at ver-
gence component 236 at time T7. A communication compo-
nent of circuit 226 can further communicate the transmit time,
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T5, to circuit 234. Accordingly, circuit 234 will have the
transmit time and receipt time of the signal and can calculate
time of flight information associated with the signal. Using
additional properties of the transmitted signal and additional
information related to spatial parameters of system 203 (e.g.
frequency of the signal), circuit 234 (using a processor asso-
ciated with the circuit) can perform processing of the signal to
determine a position of contact lens 232 and/or relative posi-
tions of contact lens 224 and 232 with respect to one another.

In an aspect, any information generated/received by ver-
gence components 230 and 236 can be transmitted to reader
device for processing thereof. For example, rather than cir-
cuits 226 and 234 employing timing information of transmit-
ted/received signals to determine time of flight information
and/or respective positions of the respective contact lenses,
the respective circuits can transmit such information to reader
device 222 for such determinative processing.

FIG. 2C, presents another example system 205 for deter-
mining an individual’s current FD. In an aspect, system 205
can include same or similar functionality and features of
system 203. System 205 includes substantially the same com-
ponents and features of system 203 with the exception of
circuits 244 and 248. In particular, circuit 244 includes addi-
tional functionality as compared to circuits 226 and 234 of
contact lenses 224 and 232 (e.g. the contact lenses of system
203) while circuit 248 includes reduced functionality as com-
pared to circuits 226 and 234 of the contact lenses 224 and
232.

With system 205, one contact lens of the pair (e.g. however
it can be either contact lens) includes circuit 244. Circuit 244
include a processor configured to perform processing regard-
ing data generated by both vergence component 230 and 236.
In particular, data generated by vergence component 230 and
236 is provided to circuit 244 for determining information
related to the individual’s FP. According to this embodiment,
circuit 248 merely includes functionality to communicate
data 240 generated by vergence component 236 to circuit 244
and/or receive operative commands from circuit 244. For
example, circuit 244 can command vergence component 236,
via circuit 248, to generate data related to the individual’s FD.
Circuit 248 does not include functionality to communicate
with reader device 222. On the contrary, the heavy processing
functions and remote device communication roles of system
205 are restricted to a single contact lens of the pair. In an
aspect, via circuit 244, contact lens 242 and 250 operate in a
server/client relationship where lens 242 is the server and lens
250 is the client.

For example, with system 205, circuit 244 can receive
information regarding movement and position of both eyes
202 and 212 where circuit 248 communicates movement/
position data of eye 212 to circuit 244. Circuit 244 can employ
the movement data to determine whether the eyes are per-
forming vergence movement and when the eyes have reach
convergence. Circuit 244 can further calculate relative posi-
tions of the eyes 202 and 212 to one another using the move-
ment/position data. In an aspect, circuit 244 can perform
additional processing of the data to determine an FD of the
individual. Circuit 244 can further communicate any received
or determined information 246, including information gener-
ated by vergence component 230 and 236, to reader device
222 for processing thereof.

FIG. 2D, presents yet another example system 205 for
determining an individual’s current FD. Unlike systems 201,
203, and 205, system 207 includes a single contact lens 242.
Contact lens 252 can include similar functionality of contact
lens 242 with the exception that contact lens 252 does not
communicate with a contact lens worn over 212 in order to
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generate information related to the individual’s FD. On the
contrary, contact lens 252 generates sufficient information
regarding movement and position of eye 202 and/or eye 212
using vergence component 230 to facilitate determining the
individuals FD. Circuit 254 can processes this information in
the manner discussed above with respect to circuit 244 to
determine the individual’s current FD. Circuit 254 can also
communicate generated or processed information 256 to
reader device 222.

In an aspect, vergence component 230 generates informa-
tion regarding movement of both eyes 202 and 204. Accord-
ing to this aspect, vergence component 230 can include
means for determining movement of eye 212 when not wear-
ing a contact lens. This mechanism is illustrated below with
respect to FIG. 7.

However, in another embodiment, vergence component
230 only generates data regarding movement and position of
eye 202. According to this aspect, a processor associated with
circuit 254 and/or reader 222 is configured to determine an
individual’s FD based on movement and position data of a
single eye 202. For example, the processor can employ vari-
ous predetermined parameters regarding the spatial configu-
rations of the eyes 202/212 and contact lens 252 as well as
know properties of eye movement and/or various inferred
parameters, in order to determine an individual’s FD. For
example, predetermined parameters can include a distance
(DN, where DN is variable) between the center-points of eyes
202 and 212, a fixed imaginary trajectory FT (where FT is a
variable) forming a 90° angle with DN and a fixed baseline
trajectory BT (where BT is a variable) also forming a 90°
angle with DN. In an aspect, the BT accounts for both eyes
gazing away to a point at infinity (or very far away). At this
point, both eyes 202 and 212 diverge until their respective
visual trajectories are substantially parallel. With this
embodiment, determination of the individual’s FD can
require a level of predication/inference regarding the visual
trajectory of eye 212 with respect to the visual trajectory T3
(where T3 is a variable) of eye 202.

With reference on to FIG. 3, presented is a high level
illustration of an example contact lens 300 configured to
generate data indicative of a FD of a wearer of the contact lens
in accordance with aspects described herein. Description of
the functionality and operations of contact lens 300 is pre-
sented with the assumption that contact lens 300 is worn over
one eye of an individual and performs sensing with respect to
that eye and/or the other eye of the individual. However it
should be appreciated that a contact lens 300 can be worn in
both eyes of the individual. In various aspects, contact lens
300 can include one or more of the structure and/or function-
ality of contact lenses described with reference to the previ-
ous figures (and vice versa). Repetitive description of like
elements employed in respective embodiments of contact
lenses and contact lens circuits described herein is omitted for
sake of brevity.

As shown in FIG. 3, contact lens 300 can include contact
lens circuit 302 and vergence component 310 having at least
one or more sensors 312. Contact lens circuit can include
communication component 304, circuitry 306 and power
component 308. In various embodiments, one or more of the
lens circuit 302 including the communication component
304, circuitry 306, power component 308, and vergence com-
ponent 310 including the one or more sensor 312, can be
electrically or chemically coupled to one another to perform
one or more functions of the contact lens 300. For example,
one or more wires can connect the components of contact lens
circuit 302 and one or more sensors of the vergence compo-
nent 310.
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Contact lens 300 employs vergence component 310 to
generate data indicative of a FD of a wearer of contact lens
300. In particular, vergence component 310 employs one or
more motion/positional sensors 312 to generate movement
and positional data of one or both eyes of an individual
wearing contact lens 300. Such positional data can be
employed to determine whether the eyes are performing ver-
gence movements, whether the eyes have reached conver-
gence, visual trajectory of the eyes, and ultimately a FD or FP
of'the individual. In an aspect, vergence component 310 gen-
erates data, including positional data relating to a visual tra-
jectory of an one or both eyes of an individual (e.g. data
indicating a position of contact lens 300, a position of an eye
over which contact lens 300 is worn, or a position of the other
eye over contact lens 300 is not worn), in response to detected
movement of an eye.

In an aspect, vergence component 310 employs one or
more sensor(s) 312 disposed on or within a substrate of con-
tact lens 300 to generate such movement and positional data
including but not limited to: data related to movement of
contact lens 300, data related to movement of an eye over
which contact lens 300 is worn, data related to movement of
the other eye of the individual (over which contact lens 300 is
not worn) or data related to movement of another contact lens
(e.g. a contact lens 300) worn over the other eye of the indi-
vidual. In various aspects, the sensors 312 can generate move-
ment data that accounts for a direction of movement (ofan eye
or contact lens) and timing of movement. For example, the
one or more sensors can generate a signal indicating that the
eye over which contact lens 300 is worn (or the other eye of
the individual) is turning inward or outward at rate X, (where
X is a variable).

In other aspects, the one or more sensors 312 can generate
data related to a position of contact lens 300 or the eye over
which contact lens 300 is worn, and/or a position of the other
eye of the individual with respect to reference data, such as a
reference point or reference position. For example, a refer-
ence point can include an axis of the eye over which contact
lens 300 is worn or an axis of the other eye of the individual
over which contact lens 300 is not worn. In another example,
a reference position can include position of the eye over
which contact lens 300 is worn when the individual is gazing
at a point into infinity or far away. In yet another example,
reference data can include distance between a pupil of the eye
over which contact lens 300 is worn and the pupil of the other
eye over which contact lens 300 is not worn when the eyes are
gazing at a point into infinity or far away.

The one or more sensor(s) of vergence component 310 can
include a variety of motion sensors, angle sensors, position
sensors, and/or speed sensors. For example, one or more of
the sensors can include but are not limited to: an accelerom-
eter, an auxanometer, a capacitive displacement sensor, an
inclinometer sensor, a gyroscopic sensor, a pressure sensor,
piezoelectric sensor, a tilt sensor, or a triangulation sensor.

Contact lens 300 further includes contact lens circuit 302 to
effectuate various electrical functions of the contact lens 300.
Contact lens circuit 302 can include a communication com-
ponent 304 to facilitate communication between two contact
lenses respectively worn over the left and right eyes of an
individual and/or to facilitate communication of information
to an external device.

In aspect, communication component 304 can communi-
cate data generated by vergence component 310 to an external
device for processing of the data. For example, communica-
tion component 304 can wirelessly transmit data representa-
tive of positions of contact lens 300 or an eye over which
contact lens 300 is worn when the eye initiates movement,
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positions during movement, and positions at the completion
of movement. In another aspect, component 304 can commu-
nicate data generated by vergence component 310 to another
contact lens worn over the other eye of the individual. For
example, communication component 304 can transmit data
relating to a direction of movement of contact lens 300 to the
other contact lens. Further communication component 304
can receive data transmitted from another contact lens worn
over the other eye of the individual, such as data relating to
movement and/or a position of the other eye.

Accordingly, communication component 304 can include
a receiver, a transmitter, a transceiver and/or a transducer. In
an aspect, the communication component 304 includes a
radio frequency (RF) antenna that transmits and receives data
using a radio wave. In another aspect, the communication
component can communicate using infrared (IR) antenna and
or other light signals. In some aspects, communication com-
ponent 304 employs circuitry to process signals received
and/or signals transmitted. For example, circuitry 306 can
include various hardware components including but not lim-
ited to a modulator/demodulator, a filter, an amplifier, and
etc., to facilitate processing of signals generated by vergence
component 310 and/or received from another contact lens.

Contact lens circuit 302 can additionally include circuitry
306 to facilitate functions of contact lens 102. For example,
circuitry 306 can facilitate transfer of electrical signals and/or
signals generated by vergence component 310 to the compo-
nents of contact lens 300. Circuitry 306 can also include
signal processing hardware and software, (e.g. amplifiers,
modulators, and etc.) for processing of signals generated by
vergence component 310 for wireless transmission thereof.

Further, contact lens circuit 302 can include a power source
308. Power source 308 can include any suitable power source
that can provide necessary power for the operation of various
components of the contact lens 300. For example, the power
source 308 can include but is not limited to a battery, a
capacitor, a solar power source, a mechanically derived power
source (e.g., MEMs system), or an RF power source such as
an RF power amplifier. In an aspect, contact lens circuit 302
does not require an onboard (e.g. on the contact lens 102)
power source to operate. For example, contact lens circuit 303
can receive power via wireless energy transfer (e.g. using
electromagnetic inductance techniques and related compo-
nents).

With reference now to FIG. 4, presented is a high level
illustration of another example contact lens 400 configured to
generate data indicative of FD of a wearer of the contact lens
in accordance with aspects described herein. Description of
the functionality and operations of contact lens 400 is pre-
sented with the assumption that contact lens 400 is worn over
one eye of an individual and performs sensing with respect to
that eye and/or the other eye of the individual. Repetitive
description of like elements employed in respective embodi-
ments of contact lenses and contact lens circuits described
herein is omitted for sake of brevity.

In various aspects, contact lens 400 includes the compo-
nents of contact lens 300 with addition of emitting component
402 and receiving component 404 to vergence component
310. Emitting component 402 and receiving component 404
provide mechanisms (e.g. additional to motion/position sens-
ing) for generating data indicative of FD of a wearer of
contact lens 400. Emitting component 402 is configured to
transmit a signal away from contact lens 400 and towards the
other eye of the individual and/or another contact lens worn
over the other eye. In an aspect, emitting component 402 is
configured to emit data in response to movement of the eye
over which contact lens 400 is worn.
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In some aspects, the transmitted signal is received at the
other eye and/or the other contact lens and reflected off the
other eye and/or the other contact lens respectively, back to
receiving component 404 as a reflected signal. According to
this aspect, transmit and receipt time of the transmitted/re-
ceived signal can be detected by the transmitting component
402 and the receiving component 404 respectively. This infor-
mation can further be employed to determine time of flight
information associated with the transmitted/reflected signal
which in turn can be employed to determine position of the
eye over which contact lens 400 is worn, position of the other
eye, and or position of both eyes with respect to one another.

In another embodiment, the transmitted signal is received
by areceiving component (e.g. a receiving component 404 of
a vergence component of the other contact lens) at another
contact lens worn over the other eye. Similarly, receiving
component 404 of contact lens 400 can receive a transmitted
signal from an emitting component of the other contact lens.
In accordance with this embodiment, transmit and receipt
time of transmitted and received signals can be detected by
the emitting components and receiving components of the
respective contact lenses. For example, contact lens 400 can
generate data indicating a transmit time of a signal it transmits
to the other contact lens and generate data indicating a receipt
time of a signal received from the other contact lens.

The contact lenses (e.g. contact lens 400 and the other
contact lens) can further communicate these transmit/receipt
times to one another (e.g. via communication component 304
and a communication component of the other contactlens). In
another aspect, the contact lenses can communicate these
transmit/receipt times to an external device for processing
thereof (e.g. via communication component 304 and a com-
munication component of the other contact lens). This infor-
mation can further be employed to determine time of flight
information associated with the transmitted/reflected signal
which in turn can be employed to determine a position of the
eye over which contact lens 400 is worn, a position of the
other eye, and or a position of both eyes with respect to one
another.

Also in accordance with this embodiment, the receiving
component of the other device can generate data indicating a
point or position at which a signal is received at the receiving
component of the other device. For example, the receiving
component can include a array of sensory array of signal
detectors/receivers that can distinguish between point on the
array where a signal is received. Similarly, receiving compo-
nent 404 of contact lens 400 can include such an array and
generate data indicating a point or position at which a signal
is received from the other contact lens. Generated data relat-
ing to a point or position at which a signal is received by a
receiving component can further be transmitted between con-
tact lens circuits via respective communication components.
This position data can also be employed to determine a posi-
tion of the eye over which contact lens 400 is worn, a position
of'the other eye, and or a position of both eyes with respect to
one another.

Signal emitting component 402 can emit/transmit various
types of signals. In an aspect, the type of signal emitted by
signal emitting component 402 is selected based on whether
the signal is intended to be reflected off of the other eye, a
particular component of the other eye, and/or another contact
lens worn over the other eye. In another aspect, the type of
signal emitted by the signal emitting component 402 is
selected based on whether the signal is intended to be
reflected back to receiving component 404 of contact lens 400
or received by a receiving component of the other contact
lens.
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Inanaspect, the signal emitting component 402 emits radio
waves. In another aspect, the signal emitting component
emits microwave signals. According to these aspects, the
signal emitting component 402 can include a transmitter that
transmits pulses of radio waves or microwaves away from
signal emitting component towards another contact lens worn
of'the individuals other eye, or the other. (e.g., an RF antenna,
or a microwave antenna). Similarly, the signal receiving com-
ponent 404 can include an appropriate receiver configured to
receive radio signals and/or microwave signals. In an aspect,
the signal receiving component 404 can include an array of
sensors configured to detect a received RF or microwave
signal. The sensor array can be configured to generate a signal
indicating a point at which a signal is received at the array.

Further, where the signal emitting component 402 is con-
figured to emit light signals the signal receiving component
404 can include an appropriate receiver configured to receive
emitted light, such as one or more light detectors and/or
photodetectors. In an aspect, the signal receiving component
can include an array of light sensors or photodetectors. The
array of light sensors/photodetectors can further be config-
ured to generate a signal indicating a point at which a signal
is received at the array.

FIG. 5, presents a high level illustration of another example
contact lens 500 configured to generate data indicative of a
FD of a wearer of the contact lens in accordance with aspects
described herein. Description of the functionality and opera-
tions of contact lens 500 is presented with the assumption that
contact lens 500 is worn over one eye of an individual and
performs sensing with respect to that eye and/or the other eye
of the individual. Repetitive description of like elements
employed in respective embodiments of contact lenses and
contact lens circuits described herein is omitted for sake of
brevity.

Contact lens 500 includes the components of contact lens
400 with the addition of processor 502 and/or memory 504 to
contact lens circuit 302. In an embodiment, aspects of contact
lens circuit 302 constitute machine-executable components
embodied within machine(s), e.g., embodied in one or more
computer readable mediums (or media) associated with one
or more machines. Such components, when executed by the
one or more machines, e.g., computer(s), computing
device(s), virtual machine(s), etc. can cause the machine(s) to
perform the operations described. Contact lens circuit can
include memory 504 for storing computer executable com-
ponents and instructions. Processor 502 can facilitate opera-
tion of the computer executable components and instructions
by contact lens circuit 504.

Processor 502 can be employed by contact lens 500 to
perform various processing functions of contact lens 500
including but not limited to: processing associated with the
generation of data by vergence component 310 and analysis
of data generated by vergence component 310 and/or
received at contact lens 500 by communication component
304 and/or receiving component 404. In particular, contact
lenses 300 and 400 described above can be configured to
perform minimal or no processing of such data. On the con-
trary, contact lenses 300 and 400 can transmit data to an
external device or another contact lens for processing thereof.
However, contact lens 500 is configured to perform various
levels of processing of such data.

Inanaspect, processor 502 performs full processing of data
to determine an individual’s current FD. In turn, determined/
inferred information representative of the individual’s current
FP can be transmitted by communication component 304 to
an external device. For example, processor 502 can employ
position data generated by vergence component representa-
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tive of a position of the eye over which contact lens 500 is
worn and a position of the other eye to determine visual
trajectories of both eyes and ultimately determine a FD of'the
individuals based on a projected intersection point of the
determined visual trajectories of both eyes. In turn, deter-
mined information representative of the individuals current
FP can be transmitted by communication component 304 to
an external device.

Inanother aspect, processor 502 can perform various levels
of deterministic and/or inference based processing of data to
generate intermediate data related to an individual’s current
FD. For example, processor 502 can process position infor-
mation associated with the eye over which contact lens 500 is
worn and the other eye of the individual to determine that both
eyes are turning towards one another or away from one
another (e.g. converging or diverging respectively), at sub-
stantially a same time. In other words, processor 502 can
determine when the eyes of an individual are undergoing
vergence movement, including the initiation of vergence
movement and the completion of vergence movement.

Intermediate data can further be transmitted to an external
device and/or another contact lens worn over the other eye of
the individual, for additional processing thereof. Intermediate
data can also be employed by contact lens 500 to facilitate
operations of the contact lens 500. For example, in response
to determining that the eyes of an individual are undergoing
vergence movement, the processor 502 can initiate additional
action by vergence component 310. For example, processor
502 can direct vergence component to generate data repre-
sentative of a visual trajectory of the eye over which contact
lens 500 is worn at a time when the vergence movement is
completed (e.g. when the eyes have reached convergence).

In order to processes information generated by vergence
component 310 and/or received at contact lens 500 from
another contact lens worn over the other eye of the individual,
such information can be stored permanently and/or tempo-
rarily in memory 504. For example, memory 504 can cache
transmit and receipt times of a signals transmitted by emitting
component 402 and reflected back to receiving component
404 in order to determine time of flight information. Memory
504 can further store various look-up tables and/or algorithms
relating information generated by vergence component 310,
and/or received at contact lens 500 from another contact lens
worn over the other eye of the individual, to information
associated with vergence movement and/or a focal distances.

For example, memory 504 can store look-up tables and/or
algorithms that relate eye movement direction and speed to
type of eye movement (converging or diverging eye move-
ment), including initiation of vergence movement and
completion of vergence movement. In another example, the
algorithms and/or look-up tables can relate time of flight
information associated with signals emitted by emitting com-
ponent and signals received at receiving component to posi-
tions of one or both eyes. Similarly, the algorithms and/or
look up tables can relate positions of receipt of signals at
receiving component to positions of one or both eyes. Further,
the algorithms and/or look-up tables can relate position of an
eye and/or positions of both eyes to visual trajectory of the eye
or both eyes and ultimately relate position/trajectory infor-
mation to focal distance of the individual.

Memory 504 can further store additional predefined
parameters associated with contact lens 500 and/or a system
in which contact lens 500 is employed (e.g. system 100 and
the like) useful for processing of information associated with
determining an individual’s FD. For example, memory 504
can store information related to the anatomy of the individu-
al’s eyes, such as distances between various components of
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the eyes. In another example, memory 504 can store baseline
information representative of a position of the eyes when
looking at a point into infinity or when looking at a point
within less than about 75 mm from the individual.

In an embodiment, processor 502 can employ various (ex-
plicitly or implicitly trained) classification schemes or sys-
tems (e.g., support vector machines, neural networks, expert
systems, Bayesian belief networks, fuzzy logic, data fusion
engines, etc.) in connection with performing analysis of
information generated by vergence component 310 and/or
received at contact lens 500 from another contact lens worn
over the other eye of the individual. A classifier can map an
input attribute vector, x=(x1, x2, x3, x4 . . . , xn), to a confi-
dence that the input belongs to a class, such as by f(x)=con-
fidence(class). Such classification can employ a probabilistic
or statistical-based analysis (e.g., factoring into the analysis
utilities and costs) to prognose or infer a state of a retina. A
support vector machine (SVM) is an example of a classifier
that can be employed. The SVM operates by finding a hyper-
surface in the space of possible inputs, where the hyper-
surface attempts to split the triggering criteria from the non-
triggering events. Intuitively, this makes the classification
correct for testing data that is near, but not identical to training
data. Other directed and undirected model classification
approaches include, e.g., naive Bayes, Bayesian networks,
decision trees, neural networks, fuzzy logic models, and
probabilistic classification models providing different pat-
terns of independence can be employed. Classification as
used in this disclosure also is inclusive of statistical regres-
sion that is utilized to develop models of priority.

Referring now to FIGS. 6A and 6B, depicted are example
embodiments of a contact lens 600 employing a motion/
position sensor to generate data related to movement and/or a
position of the contact lens as the eye over which the contact
lens is worn changes FD. Repetitive description of like ele-
ments employed in respective embodiments of contact lenses
and contact lens circuits described herein are omitted for sake
of brevity.

FIGS. 6A and 6B depict contact lens 600 being worn over
a left eye 620 of an individual. The contact lens includes a
substrate 602. Located within the thickness of the substrate is
acontact lens circuit and a vergence component 606. Accord-
ing to this embodiment, the vergence component 606 is a
motion/position sensor having a component 608 configured
to shift position in accordance with a shift in position of the
eye 620. Although the vergence component 606 is presented
as a single sensor, it should be appreciated that the vergence
component can include any number N sensors.

For example, the eye 620 depicted in FIG. 6 A has a first FD
and the eye 620 depicted in FIG. 6B. Accordingly, the eye 620
depicted in FIG. 6 A has a first visual trajectory T4 (where T4
is a variable), and the eye 620 depicted in FIG. 6B has a
second visual trajectory T5 different from T4 (where T5is a
variable). In an aspect, the eye 620 changes focus from FIG.
6A to FIG. 6B, in part by performing vergence movement of
the left eye 620 and right eye of the individual (not shown) and
turning inward in the direction of arrow 622 toward one
another until the eyes reach convergence.

In an aspect, motion/position sensor 606 is configured to
detect at least movement of eye 620. In an aspect, motion/
position sensor is further configured to detect speed and
direction of movement of the eye. For example, shifting com-
ponent 608 in FIG. 6A is located at a first position P1 while
shifting component 608 of FIG. 6B is located at a second
position P2 (where P1 and P2 are variables). Motions/posi-
tion sensor 606 can detect position of the shifting component
within the sensor as it moves with motion of the eye to
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determine direction of eye movement. For example, a shift
from P1 to P2 can correspond to direction of movement of the
eye. Further, motions/position sensor can detect speed at
which the shifting component 608 moves within the sensor.
The sensor 606 can further generate one or more signals
corresponding to the detected motion/speed.

According to this aspect, it can be assumed that contact
lens 602 moves with the eye as the eye moves. Further,
although motion/position sensor is depicted as a rectangular
box having limited dimensions for movement of the shifting
component 608, it should be appreciated that such depiction
is merely for exemplary purposes. In particular, motion sen-
sor can have a dimension that substantially conforms to cur-
vature of the eye 620, such as curved spherical shape, and that
allows for movement of the shifting component in 360° and in
various dimensions.

In an aspect, in addition to direction and speed of move-
ment of the eye, motion sensor can generate data that can be
processed to determine position of the eye 620 and/or trajec-
tory T4 and T5 of the eye. For example, in an aspect, P1 and
P2 can be associated with coordinate points. In an aspect,
these coordinate points can be processed to determine posi-
tion/trajectory of eye 620. In another aspect, contact lens 602
can employ two or more motion/position sensors 606 at dif-
ferent locations throughout the substrate and configured to
have different shifting properties with respect to shifting
component 608. According to this aspect, different coordi-
nates can be generated by the respective sensors. These dif-
ferent coordinates can be combined and to determine a posi-
tion/trajectory of eye 620. In some aspects, the coordinate
points can be related to one or more predefined parameters or
constants to facilitate processing. For example, a constant can
include a position of the center point or axis of the eye 620.
Using triangulation formulations and one or more baseline
parameters (e.g. a trajectory/position of the eye when the eyes
are looking at a point in infinity), a processor can determine
FD of the individual.

FIGS. 7A and 7B demonstrate an example embodiment of
a system 700 employing a pair of contact lenses utilizing
signal emitting and receiving components to detect position
information associated with respective eyes of an individual.
In particular, FIGS. 7A and 7B demonstrate a mechanism by
which a pair of contact lenses facilitate determining a wear-
er’s focal distance (FD) as the wearer changes focus. Repeti-
tive description of like elements employed in respective
embodiments of contact lenses and contact lens circuits
described herein are omitted for sake of brevity.

System 700, as depicted in FIGS. 7A and 7B, is presented
with two contact lenses 706 and 714 respectively worn over
the right 702 and left 710 eyes of an individual. Contact lens
706 and 714 have respective substrates that includes respec-
tive contact lens circuits 708 and 716 and respective vergence
component 704 and 712 disposed therein. The respective
vergence component 704 and 712 include respective signal
emitting components and a signal receiving components (not
shown). In an aspect, although not depicted, contact lens 706
and/or contact lens 714 can further include one or more
motion/position sensors (e.g. sensors 310).

The signal emitting components of the respective vergence
components 704 and 712 are configured to emit signals to
each other. For example, the signal emitting component of
vergence component 704 can transmit a signal, such as an RF
signal, to a signal receiving component of vergence compo-
nent 712. Similarly, the signal emitting component of ver-
gence component 712 can transmit an RF signal to a signal
receiving component of vergence component 704. The
respective vergence components can further communicate
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signal emit times and signal receipt time to one another (e.g.
via a communication components disposed within respective
circuits 708 and 716) or a remote device. Time of flight
information for a particular signal can then be determined
using the transmit and receipt times of the signal. This time of
flight information can further be employed to determine a
distance between the respective vergence components 704
and 712 which can further be correlated to a FD of the wearer.

For example, in FIG. 7A, an individual is focused upon
focus object A and in FI1G. 7B, the individual changes focus to
focus object B. Focus object A is farther away from the
individual with respect to focus object B. With reference to
FIG. 7A, vergence components 704 and 712, are located at a
fixed position within the substrates of contact lenses 706 and
14 respectively, and are a distance D10 apart, (where D10 is a
variable). In an aspect, D10 is determined as a function of
time of flight information for signals transmitted between the
respective vergence components 704 and 712. D10 can fur-
ther be employed to determine the individual’s FD. For
example, using various triangulation methods, D10 can be
correlated to a focal distance of FD10.

With reference now to FIG. 7B, the individual shifts focus
to a new object, focus object B. When shifting focus, eyes 702
and 710 as well as the contact lenses respectively worn over
the eyes, contact lenses 706 and 714, turn substantially simul-
taneously inward towards one another. As a result, the dis-
tance between the fixed vergence components 704 and 712
respectively located on contact lenses 706 and 714 changes.
In this example, the distance D7 (where D7 is an integer)
becomes smaller. In an aspect, D7 is determined as a function
of time of flight information for signals transmitted between
the respective vergence components 704 and 712. D7 can
further be employed to determine the individual’s FD. For
example, using various triangulation methods, D7 can be
correlated to a focal distance of FD7.

FIG. 8 demonstrates an example embodiment of a system
800 employing a contact lens utilizing signal emitting and
receiving components to detect position information associ-
ated with respective eyes of an individual. Repetitive descrip-
tion of like elements employed in respective embodiments of
contact lenses and contact lens circuits described herein are
omitted for sake of brevity.

System 800 is presented with two contact lenses 802 and
816 respectively worn over the left 836 and right 838 eyes of
an individual. Contact lens 802 has a substrate 806 that
includes a contact lens circuit 804 and a vergence component
disposed therein. The vergence component includes an emit-
ting component 810 and a receiving component 808. In an
aspect, although not depicted, contact lens 802 can further
include one or more motion/position sensors (e.g. sensors
310). The signal emitting component 810 is configured to
emit signals towards the right eye 838 and/or contact lens 816
worn over the right eye 838. These signals are intended to
reflect off they eye and/or the contact lens 816 respectively,
back to receiving component 808 of contact lens 802.

Inan aspect, contact lens 816 can include a signal reflection
component 812 located within a substrate thereof. This signal
reflection component 812 can include a material configured
to reflect signals transmitted by transmitting component 810.
According to this aspect, signal emitting component 810 can
be configured to emit signals towards signal reflection com-
ponent 812. Contact lens 816 can also include a contact lens
circuit 820 located within the substrate 818.

The signal refection component 812 can be fixed within the
substrate 818 and move with the contact lens as the eye 838
moves. (System 800 assumes that the contact lenses 802 and
816 move with the eyes as the eyes move). The signal reflec-
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tion component 812 can further have a shape that results in
reflection of a signal at a particular trajectory depending on
where an emitted signal hits the signal reflection component
812. According to this aspect, as the angle/position of the
signal reflection component changes with the movement of
the contact lens, the point at which a signal is reflected off of
the signal reflection component 812 changes, and thus the
trajectory of the reflect signal changes.

In an aspect, the signal emitting/receiving components of
contact lens 802 can generate data indicating a transmit/
receipt time of a transmitted/reflected signal. It should be
appreciated that the transmit/receipt time will be a function of
the point at where an emitted signal is intercepted and the
trajectory distance of the emitted signal and reflected signal.
This transmit/receipt time can be employed to determine time
of flight information associated with the signal which in turn
can be employed to determine a position of eye 836, a position
of'eye 838 and/or a position of both eyes with respect to one
another. This position information can further be employed to
determine a FD of the individual.

Box 814 presents an enlarged portion of system 800. As
seen in box 814, eye 838 is presented with various physical
features. In particular, a human eye 838 includes a cornea
826, an iris 828 disposed between ciliary muscles 832, a pupil
830 and a lens 834. One or more of these features of the eye
838 move with the eye as the eye changes focus using ver-
gence movements. In an aspect, signal emitting component
810 is configured to emit a signal 824 (represented by the
solid lines) towards one or more of these physical features of
the eye which is reflected back from the respective features as
a reflected signal 822 (one or more of the dashed lines) and
received at receiving component 808. According to this
aspect, system 100 can generate time of flight data related to
a position of eye 836 and/or eye 838 without requiring a
contact lens to be worn over eye 838. In an aspect, the signal
emitting component can emit a different type of signal (e.g. a
radio signal vs. a light signal and/or light signals of various
wavelength) depending on the intended physiological receiv-
ing feature. Further, properties of the receiving feature (e.g.
location, shape, absorbance parameters), can be employed to
facilitate determining time of flight information and/or cor-
relating the time of flight information to a FD of the indi-
vidual.

Also as shown in box 814, signal emitting component 810
can emit a signal 822 towards signal reflection component
812 of contact lens 816. (In an aspect, signal emitting com-
ponent 810 can emit a signal to the substrate of contact lens
816 where the substrate does not include signal reflection
component 812). An emitted signal 822 can be reflected off
signal reflection component 812 and received at signal receiv-
ing component 808.

In an aspect, in addition to determining time of flight infor-
mation associated with a transmitted/reflected signal, posi-
tion of receipt of a reflected signal at the signal receiving
component 808 can also be determined. This receipt position
can further indicate position of eye 836, cye 838, and/or
position of eye 836 with respect to eye 838, which in turn can
be employed to determine FD of the individual. For example,
receiving component 808 can include an array of sensors
configured to generate a signal corresponding to receipt of the
reflected signal. Each of the sensors in the array can be asso-
ciated with location information, such as a coordinate of a
coordinate system. Accordingly, a coordinate of a received
signal at receiving component 808 can be determined depend-
ing on the particular sensor of the array at which a signal is
received.
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FIG. 9 demonstrates an example embodiment of a system
employing a pair of contact lenses utilizing signal emitting
and receiving components to detect position information
associated with respective eyes of an individual. Repetitive
description of like elements employed in respective embodi-
ments of contact lenses and contact lens circuits described
herein is omitted for sake of brevity.

System 900 employs intercommunication of information
generated by respective vergence components of respective
contact lenses 902 and 916 worn over the left and right eyes of
the individual. According to this embodiment, vergence com-
ponents of each of the respective contact lenses 902 and 916
include a signal emitting component and a signal receiving
component disposed within respective substrates 906 and 918
of the respective contact lenses. For example, the vergence
component of contact lens 902 includes signal emitting com-
ponent 910 and signal receiving component 908. The ver-
gence component of contact lens 916 includes signal emitting
component 922 and signal receiving component 224. In an
aspect, although not depicted, the respective vergence com-
ponents can further include one or more motion/position sen-
sors (e.g. sensors 310).

Signal emitting component 910 is configured to emit a
signal that is received at signal receiving component 922. A
communication component associated with circuit 920 is
configured to transmit information pertaining to a received
signal at signal receiving component 922 to at least one of
contact lens 902 or an external device. This information can
include a location/position of a received signal and a time of
receipt. Further, a communication component associated
with circuit 904 can transmit information indicative of a
transmit time of a signal to contact lens 916 and/or an external
device.

Similarly, signal emitting component 924 is configured to
emit a signal that is received at signal receiving component
908. A communication component associated with circuit
904 is configured to transmit information pertaining to a
received signal at signal receiving component 908 to at least
one of contact lens 916 or the external device. This informa-
tion can include location/position of a received signal and
time of receipt. A communication component associated with
circuit 922 can also transmit information indicative of a trans-
mit time of a signal to contact lens 902 and/or an external
device.

In an aspect, the signal emitting components 910 and 924
can be configured to emit signals at a same or substantially
same time using communications between the contact lenses
via circuits 904 and 920. Generated, transmitted and/or
received information pertaining to location of a received sig-
nal, transmit time of the signal, and/or receipt time of a signal
can be processed to determine a FD of the individual.

Signal receiving components 908 and 922 includes a mate-
rial configured to identify a point at which a signal is received
at the material. For example, signal receiving components
908 and 922 can include a sensor array where each sensor of
the array is associated with a position or coordinate of a
coordinate system. For example, the sensor array can include
an array of RF receivers and/or an array of photodetectors. In
another example, the material can include an electrically
responsive material configured to determine a point where an
electrical signal is received. According to this embodiment,
signal emitting components 910 and 924 are configured to
emit a signal to signal receiving components 908 and 922
respectively. The respective signal receiving components 909
and 922 are configured to determine position/location of a
received signal which can be employed to determine position
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ofeye 912, eye 926, and/or position of eye 912 with respect to
eye 926, trajectory of eye 912 and/or eye 926, and ultimately
FD of the individual.

Box 914 depicts an enlarged drawing of the signal emitting
and receiving components of system 900. In particular, box
914 illustrates exemplary positions of respective signal
receiving and emitting components of the respective contact
lenses 902 and 916 as the eyes 912 and 926 converge. In an
aspect, as the eyes converge, the respective vergence compo-
nents (e.g. the combined signal emitting component and sig-
nal receiving component of a single contact lens) are become
closer to one another and angled inward toward one another.
Positions of vergence components with respect to one another
is a direct reflection of position of the eyes 912 and 926 with
respect to one another. Accordingly, position at which a signal
is received at respective vergence components directly
reflects position of the eyes with respect to one another and
thus indirectly reflects respective trajectories of the eyes and
FD of the individual.

As seen at position 901, the signal emitting components
and signal receiving components are substantially parallel at
a first distance D11 apart (where D11 is a variable). Signal
emitting component 910 emits a signal 928 that is received at
signal receiving component 922 at a first position. The first
position at which the signal 928 is received at signal receiving
component 922 is a function of distance D11 and angle
between the signal emitting component 910 and the signal
receiving component 922. Similarly, signal emitting compo-
nent 924 emits a signal 930 that is received at signal receiving
component 909 at a first position. The first position at which
the signal 930 is received at signal receiving component 908
is a function of distance D11 and angle between the signal
emitting component 924 and the signal receiving component
908. In an aspect, a processor associated with either circuit
904 and 920 or an external device, determines FD of the
individual at least as a function of the first positions of
received signals 929 and 930.

As seen at position 903, signal emitting components and
signal receiving components are angled inward and located at
a second distance D12 apart, (where D12 is a variable). In an
aspect, at position 903, the eyes 912 and 926 have converged
with respect to the eyes at position 901. Signal emitting com-
ponent 910 emits a signal 928 that is received at signal receiv-
ing component 922 at a second position different than the first
position. The second position at which the signal 928 is
received at signal receiving component 922 is a function of
distance D12 and angle between the signal emitting compo-
nent 910 and the signal receiving component 922. Similarly,
signal emitting component 924 emits a signal 930 that is
received at signal receiving component 908 at a second posi-
tion different than the first position. The second position at
which the signal 930 is received at signal receiving compo-
nent 908 is a function of distance D12 and angle between the
signal emitting component 924 and the signal receiving com-
ponent 908. In an aspect, a processor associated with either
circuit 904 and 920 or an external device, determines FD of
the individual at least as a function of the second positions of
received signals 928 and 930.

As seen at position 905, signal emitting components and
signal receiving components are angled even further inward
and located at a third distance D13 apart, (where D13 is a
variable). In an aspect, a position 903, the eyes 912 and 926
have converged with respect to the eyes at position 901 and
903. Signal emitting component 910 emits a signal 928 that is
received at signal receiving component 922 at a third position
different than the first and second positions. The third position
at which the signal 928 is received at signal receiving com-
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ponent 922 is a function of distance D13 and angle between
the signal emitting component 910 and the signal receiving
component 922. Similarly, signal emitting component 924
emits a signal 930 that is received at signal receiving compo-
nent 908 at a third position different than the first and second
positions. The third position at which the signal 930 is
received at signal receiving component 908 is a function of
distance D13 and angle between the signal emitting compo-
nent 924 and the signal receiving component 908. In an
aspect, a processor associated with either circuit 904 and 920
or an external device, determines FD of the individual at least
as a function of the third positions of received signals 928 and
930.

Although, the signal emitting components and signal
receiving components are depicted having a rectangular
shape, it should be appreciated that such shape is provided
merely for exemplary purposes. In particular, the signal emit-
ting components and signal receiving components can have
any shape that substantially corresponds to the curvature of
the eye.

FIG. 10 is an illustration of an exemplary non-limiting
reader device 1000 that interfaces with one or two contact
lenses worn by an individual and configured to generate data
related to aFD of the individual. In various aspects, the reader
device 1000 can include one or more of the structure and/or
functionality of reader device 128 and 222 (and vice versa).

As shown in FIG. 10, reader device 1000 can include
interface component 1010, analysis component 1020, three
dimensional (3D) display component 1030 and 3D display
optimization component 1040. Aspects of device 1000 con-
stitute machine-executable components embodied within
machine(s), e.g., embodied in one or more computer readable
mediums (or media) associated with one or more machines.
Such components, when executed by the one or more
machines, e.g., computer(s), computing device(s), virtual
machine(s), etc. can cause the machine(s) to perform the
operations described. Device 1000 can include memory 1060
for storing computer executable components and instruc-
tions. A processor 1050 can facilitate operation of the com-
puter executable components and instructions by device
1000.

Interface component 1010 interfaces with and receives
from at least one contact lens, data relating to an FD of the
wearer. In particular, interface component 1010 can interface
with contact lenses described herein that comprise a vergence
component (e.g. vergence component 310 and the like) and a
contact lens circuit (e.g. contact lens circuit 302 and the like).
In an aspect, interface component 1010 employs a receiving
component, such as an RF receiver, transceiver, photodetec-
tor, or IR receiver, to receive sensed and/or determined infor-
mation from a contact lens comprising a contact lens circuit
and vergence component as described herein. In some
aspects, interfacing component 1010 can receive determined
or inferred information relating to the wearer’s FD. Accord-
ing to this aspect, the contact lens can include appropriate
circuitry and components to process data sensed by one or
more sensors provided on or within the contact lens.

In another aspect, the reader 1000 can receive raw data
from a contact lens relating to information generated by a
vergence component of the contact lens. For example, the
interface component 1010 can receive signals indicating
movement of the left and/or right eyes of an individual, a
position of a left eye, and/or a position of the right eye.
According to this embodiment, the reader 1000 comprises an
analysis component 1020 that can analyze the received raw
data to determine or infer the individuals FD.
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Analysis component 1020 can employ same or similar
functionality described with reference to processor 502. In
particular, analysis component 1020 can employ received
information relating to movement and positions of the eyes of
an individual to determine and/or infer when the eyes are
performing vergence movement’s, when the eyes have
reached convergence, and a FD of the individual when the
eyes have reached convergence. In order to processes
received information generated by vergence components of
the left and/or right contact lenses of an individual, in an
aspect, received information can be stored in memory 1060.
Further, memory 1060 can store various look-up tables and/or
algorithms (as discussed with respect to processor memory
504) relating eye movement and position information to an
individual’s FD.

Reader 1000 can further include a 3D display component
configured to generate a 3D image. In an aspect, the 3D image
is part of an augmented reality display that includes imagi-
nary objects projected into a real world environment. For
example, reader 1000 can include an augmented reality head-
mounted display configured to project imaginary objects onto
a real world physical environment of an individual as the
individual move about the environment.

Reader 1000 can further include a 3D display optimization
component 1040 configured to optimize a 3D display gener-
ated by 3D display component 1030. In particular, 3D display
optimization component 1040 is configured to determine
placement of imaginary objects of a 3D display based on a
viewer’s focal distance. For example, if a user is focusing on
an object F at a distance H (where H can include an individu-
al’s FD or FP), the 3D optimization component can direct 3D
display component to generate an imaginary object at dis-
tance H. According to this example, the 3D display compo-
nent can generate an imaginary image ofa cat climbing a real
physical tree located at distance H. In another example if user
is focusing on an object P at distance M, the 3D display
optimization component 1040 can determine size and place-
ment of imaginary objects within a 3D display associated
with object P such that the imaginary objects are appropri-
ately scaled and dispersed within the 3D display in accor-
dance with the viewer’s perspective as if the objects where
actually present in the viewer’s real physical environment.

Invarious aspects, the 3D display optimization component
1040 can employ various (explicitly or implicitly trained)
classification schemes or systems (e.g., support vector
machines, neural networks, expert systems, Bayesian belief
networks, fuzzy logic, data fusion engines, etc.) in connection
with determining proper placement and scaling of imaginary
objects within a 3D display based on a viewer’s current FD. A
classifier can map an input attribute vector, x=(x1, x2, x3,
x4 ..., xn), to a confidence that the input belongs to a class,
such as by f(x)=confidence(class). Such classification can
employ a probabilistic or statistical-based analysis (e.g., fac-
toring into the analysis utilities and costs) to prognose or infer
a state of a retina. A support vector machine (SVM) is an
example of a classifier that can be employed. The SVM oper-
ates by finding a hyper-surface in the space of possible inputs,
where the hyper-surface attempts to split the triggering crite-
ria from the non-triggering events. Intuitively, this makes the
classification correct for testing data that is near, but not
identical to training data. Other directed and undirected
model classification approaches include, e.g., naive Bayes,
Bayesian networks, decision trees, neural networks, fuzzy
logic models, and probabilistic classification models provid-
ing different patterns of independence can be employed.
Classification as used in this disclosure also is inclusive of
statistical regression that is utilized to develop models of

priority.
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FIGS. 11-13 illustrates methodologies or flow diagrams in
accordance with certain aspects of this disclosure. While, for
purposes of simplicity of explanation, the methodologies are
shown and described as a series of acts, the disclosed subject
matter is not limited by the order of acts, as some acts may
occur in different orders and/or concurrently with other acts
from that shown and described herein. For example, those
skilled in the art will understand and appreciate that a meth-
odology can alternatively be represented as a series of inter-
related states or events, such as in a state diagram. Moreover,
not all illustrated acts may be required to implement a meth-
odology in accordance with the disclosed subject matter.
Additionally, it is to be appreciated that the methodologies
disclosed in this disclosure are capable of being stored on an
article of manufacture to facilitate transporting and transfer-
ring such methodologies to computers or other computing
devices.

Referring now to FIG. 1, presented is a flow diagram of an
example application of contact lenses disclosed in this
description in accordance with an embodiment. In an aspect,
in exemplary methodology 1100, a contact lens such as those
described herein (e.g. 500 and the like) facilitate determining
a wearer’s current focal distance. At 1110, first data is gener-
ated related to movement of a first eye of an individual over
which a first contact lens is worn using the first contact lens
(e.g. using vergence component 310 and the like). At 1120,
second information is received from a second contact lens of
the individual, the second information relating to movement
of'the second eye (e.g. using communication component 304
and/or receiving component 404). At 1130, vergence move-
ment of the first and second eyes is identified based on the first
and second data (e.g. using processor 502). At 1140, a posi-
tion of the first eye with respect to a position of the second eye
is determined based on the vergence movement (e.g. using
processor 502).

Turning now to FIG. 12, presented is another flow diagram
of'an example application of systems and contact lenses dis-
closed in this description in accordance with an embodiment.
In an aspect, in exemplary methodology 1200, a contact lens
such as those described herein (e.g. contact lens 300 and the
like) generate data related to a FD of the wearer. At 1210, first
data is generated relating to a position of a first eye of an
individual over which a first contact lens is worn using the
first contact lens (e.g. using vergence component 310). At
1220, second data is generated relating to a position of a
second eye of the individual over which a second contact lens
is worn using the second contact lens (e.g. using vergence
component 310). Then at 1230 the first data and the second
data are transmitted to a device remote from the first and
second contact lenses (e.g. using communication component
304).

Turning now to FIG. 13, presented is another flow diagram
of'an example application of systems and contact lenses dis-
closed in this description in accordance with an embodiment.
At 1310, first data is generated relating to a position of a first
eye of an individual over which a first contact lens is worn, in
response to stopping of movement of the first eye, using the
first contact lens (e.g. using vergence component 310). At
1320, second data is generated relating to a position of a
second eye of an individual over which a second contact lens
is worn, in response to stopping of movement of the second
eye, using the second contact lens (e.g. using vergence com-
ponent 310). At 1330, a focal distance of the individual is
determined based on the first and second data (e.g. using
processor 502). Then at 1340, information representative of
the focal distance of the individual is transmitted to a device
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remote from the first and second contact lenses (e.g. using
communication component 304).
Exemplary Networked and Distributed Environments

FIG. 14 provides a schematic diagram of an exemplary
networked or distributed computing environment with which
one or more aspects described in this disclosure can be asso-
ciated. The distributed computing environment includes
computing objects 1410, 1412, etc. and computing objects or
devices 1420, 1422, 1424, 1426, 1428, etc., which can
include programs, methods, data stores, programmable logic,
etc., as represented by applications 1430, 1432, 1434, 1436,
1438. It can be appreciated that computing objects 1410,
1412, etc. and computing objects or devices 1420, 1422,
1424, 1426, 1428, etc. can include different devices, such as
active contact lenses (and components thereof), personal
digital assistants (PDAs), audio/video devices, mobile
phones, MPEG-1 Audio Layer 3 (MP3) players, personal
computers, laptops, tablets, etc.

Each computing object 1410, 1412, etc. and computing
objects or devices 1420, 1422, 1424, 1426, 1428, ctc. can
communicate with one or more other computing objects
1410, 1412, etc. and computing objects or devices 1420,
1422, 1424, 1426, 1428, etc. by way of the communications
network 1440, either directly or indirectly. Even though illus-
trated as a single element in FIG. 14, network 1440 can
include other computing objects and computing devices that
provide services to the system of FIG. 14, and/or can repre-
sent multiple interconnected networks, which are not shown.

In a network environment in which the communications
network/bus 1440 can be the Internet, the computing objects
1410, 1412, etc. can be Web servers, file servers, media serv-
ers, etc. with which the client computing objects or devices
1420, 1422,1424, 1426, 1428, etc. communicate via any of a
number of known protocols, such as the hypertext transfer
protocol (HTTP).

Exemplary Computing Device

As mentioned, advantageously, the techniques described in
this disclosure can be associated with any suitable device. Itis
to be understood, therefore, that handheld, portable and other
computing devices (including active contact lens having cir-
cuitry or components that compute and/or perform various
functions). As described, in some aspects, the device can be
the contact lens (or components of the contact lens). In vari-
ous aspects, the data store can include or be included within,
any of the memory described herein, any of the contact lenses
described herein. In various aspects, the data store can be any
repository for storing information transmitted to or received
from the contact lens.

FIG. 15 illustrates an example of a suitable computing
system environment 1500 in which one or aspects of the
aspects described in this disclosure can be implemented.
Components of computer 1510 can include, but are not lim-
ited to, a processing unit 1520, a system memory 1530, and a
system bus 1522 that couples various system components
including the system memory to the processing unit 1520.

Computer 1510 typically includes a variety of computer
readable media and can be any available media that can be
accessed by computer 1510. The system memory 1530 can
include computer storage media in the form of volatile and/or
nonvolatile memory such as read only memory (ROM) and/or
random access memory (RAM). By way of example, and not
limitation, memory 1530 can also include an operating sys-
tem, application programs, other program components, and
program data.

A user can enter commands and information into the com-
puter 1510 through input devices 1540 (e.g., keyboard, key-
pad, a pointing device, a mouse, stylus, touchpad, touch
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screen, motion detector, camera, microphone or any other
device that allows the user to interact with the computer
1510). A monitor or other type of display device can be also
connected to the system bus 1522 via an interface, such as
output interface 1550. In addition to a monitor, computers can
also include other peripheral output devices such as speakers
and a printer, which can be connected through output inter-
face 1550.

The computer 1510 can operate in a networked or distrib-
uted environment using logical connections to one or more
other remote computers, such as remote computer 1560. The
remote computer 1560 can be a personal computer, a server,
a router, a network PC, a peer device or other common net-
work node, or any other remote media consumption or trans-
mission device, and can include any or all of the elements
described above relative to the computer 1510. The logical
connections depicted in FI1G. 15 include a network 1570, such
local area network (LAN) or a wide area network (WAN), but
can also include other networks/buses e.g., cellular networks.

Computing devices typically include a variety of media,
which can include computer-readable storage media and/or
communications media, in which these two terms are used
herein differently from one another as follows. Computer-
readable storage media can be any available storage media
that can be accessed by the computer, can be typically of a
non-transitory nature, and can include both volatile and non-
volatile media, removable and non-removable media. By way
of example, and not limitation, computer-readable storage
media can be implemented in connection with any method or
technology for storage of information such as computer-read-
able instructions, program components, structured data, or
unstructured data. Computer-readable storage media can
include, but are not limited to, RAM, ROM, electrically eras-
able programmable read only memory (EEPROM), flash
memory or other memory technology, or other tangible and/
or non-transitory media which can be used to store desired
information. Computer-readable storage media can be
accessed by one or more local or remote computing devices,
e.g., via access requests, queries or other data retrieval pro-
tocols, for a variety of operations with respect to the informa-
tion stored by the medium. In various aspects, the computer-
readable storage media can be, or be included within, the
memory, contact lens (or components thereof) or reader
described herein.

On the other hand, communications media typically
embody computer-readable instructions, data structures, pro-
gram components or other structured or unstructured data in
a data signal such as a modulated data signal, e.g., a carrier
wave or other transport mechanism, and includes any infor-
mation delivery or transport media. The term “modulated data
signal” or signals refers to a signal that has one or more of its
characteristics set or changed in such a manner as to encode
information in one or more signals.

It is to be understood that the aspects described in this
disclosure can be implemented in hardware, software, firm-
ware, middleware, microcode, or any combination thereof.
For a hardware aspect, the processing units can be imple-
mented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic
devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers, micro-controllers, microprocessors
and/or other electronic units designed to perform the func-
tions described in this disclosure, or a combination thereof.

For a software aspect, the techniques described in this
disclosure can be implemented with components or compo-
nents (e.g., procedures, functions, and so on) that perform the
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functions described in this disclosure. The software codes can
be stored in memory units and executed by processors.

What has been described above includes examples of one
or more aspects. It is, of course, not possible to describe every
conceivable combination of components or methodologies
for purposes of describing the aforementioned aspects, but
one of ordinary skill in the art can recognize that many further
combinations and permutations of various aspects are pos-
sible. Accordingly, the described aspects are intended to
embrace all such alterations, modifications and variations that
fall within the spirit and scope of the appended claims.

Moreover, the term “or” is intended to mean an inclusive
“or” rather than an exclusive “or.” That is, unless specified
otherwise, or clear from the context, the phrase “X employs A
or B” is intended to mean any of the natural inclusive permu-
tations. That is, the phrase “X employs A or B” is satisfied by
any of the following instances: X employs A; X employs B; or
X employs both A and B. In addition, the articles “a” and “an”
as used in this application and the appended claims should
generally be construed to mean “one or more” unless speci-
fied otherwise or clear from the context to be directed to a
singular form.

The aforementioned systems have been described with
respect to interaction between several components. It can be
appreciated that such systems and components can include
those components or specified sub-components. Sub-compo-
nents can also be implemented as components communica-
tively coupled to other components rather than included
within parent components (hierarchical). Additionally, it is to
be noted that one or more components can be combined into
a single component providing aggregate functionality. Any
components described in this disclosure can also interact with
one or more other components not specifically described in
this disclosure but generally known by those of skill in the art.

In view of the exemplary systems described above meth-
odologies that can be implemented in accordance with the
described subject matter will be better appreciated with ref-
erence to the flowcharts of the various figures. While for
purposes of simplicity of explanation, the methodologies are
shown and described as a series of blocks, it is to be under-
stood and appreciated that the claimed subject matter is not
limited by the order of the blocks, as some blocks can occur in
different orders and/or concurrently with other blocks from
what is depicted and described in this disclosure. Where
non-sequential, or branched, flow is illustrated via flowchart,
it can be appreciated that various other branches, flow paths,
and orders of the blocks, can be implemented which achieve
the same or a similar result. Moreover, not all illustrated
blocks may be required to implement the methodologies
described in this disclosure after.

In addition to the various aspects described in this disclo-
sure, it is to be understood that other similar aspects can be
used or modifications and additions can be made to the
described aspect(s) for performing the same or equivalent
function of the corresponding aspect(s) without deviating
there from. Still further, multiple processing chips or multiple
devices can share the performance of one or more functions
described in this disclosure, and similarly, storage can be
provided across a plurality of devices. The invention is not to
be limited to any single aspect, but rather can be construed in
breadth, spirit and scope in accordance with the appended
claims.

What is claimed is:

1. A system, comprising:

a first contact lens and a second contact lens respectively
configured to be worn over first and second eyes of an
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individual, wherein the first contact lens and the second

contact lens respectively comprise:

first and second substrates; and

first and second circuits respectively disposed on or
within the first and second substrates and configured
to respectively generate first data related to a focal
trajectory of the first eye and second data related to
focal trajectory of the second eye, wherein the first
circuit employs the second contact lens to generate
the first data and the second circuit employs the first
contact lens to generate the second data.

2. The system of claim 1, wherein the first and second
circuits are configured to generate the first and second data
respectively in response to movement of the first and second
eyes.

3. The system of claim 2, wherein the movement is ver-
gence movement of the first and second eyes.

4. The system of claim 1, wherein the first and second
contact lenses respectively comprise first and second com-
munication components configured to at least one of: transmit
information to one another, or transmit information to an
external device.

5. The system of claim 1, wherein the first contact lens
comprises a communication component configured to wire-
lessly transmit the first data to the second contact lens, and
wherein the second contact lens comprises a communication
component configured to wirelessly transmit the first and
second data to an external device.

6. The system of claim 1, wherein the first contact lens
comprises a communication component configured to wire-
lessly transmit the first data to the second contact lens, and
wherein the second contact lens comprises a processor con-
figured to determine the individual’s current focal distance
based on the first and second data.

7. The system of claim 1, wherein,

the first circuit component comprises one or more sensors

configured to generate first movement data related to

movement of the first contact lens and a communication
component configured to transmit the first movement
data to the second circuit;

the second circuit comprises one or more sensors config-

ured to generate second movement data related to move-

ment of the second contact lens and a communication
component configured to transmit the second movement
data to the first circuit; and

wherein the first circuit generates the first data based on the

first movement data and the second movement data, and

the second circuit generates the second data based on the
first movement data and the second movement data.

8. A contact lens, comprising:

a contact lens configured to be worn over a first eye of an

individual, the contact lens comprising:

a substrate;

a vergence component disposed on or within the sub-
strate and configured to generate data related to move-
ment of the first eye;

a communication component configured to receive,
from a second contact lens worn over a second eye of
the individual, second data related to movement of the
second eye; and

a processor configured to identify vergence movement
of the first and second eyes based on the first and
second data, and determine position of the first eye
with respect to a position of the second eye based on
the vergence movement.

9. The contact lens of claim 8, wherein the processor is
configured to identify initiation of the vergence movement
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and stopping of the vergence movement based on the first and
second data and determine the position of the first eye with
respect to the position of the second eye at a time of stopping
of the vergence movement.

10. The contact lens of claim 8, wherein the first vergence
component comprises one or more sensors configured to gen-
erate the first data related to the movement of the first eye.

11. The contact lens of claim 10, wherein the one or more
sensors include at least one of: a gyroscopic sensor, or an
accelerometer.

12. The contact lens of claim 8, wherein the vergence
component further comprises:

a signal emitting component configured to project a first
signal away from the first eye and towards the second
eye; and

a signal receiving component configured to receive a
reflected signal generated in response to reflection of the
first signal off of the second eye;

wherein the processor is configured to determine time of
flight information based on the first signal and the
reflected signal, and wherein the processor is configured
to identify the vergence movement based on the time of
flight information.

13. The contact lens of claim 8, wherein the processor is
configured to determine the individual’s current focal dis-
tance based on the position of the first eye with respect to the
position of the second eye.

14. The contact lens of claim 8, wherein the communica-
tion component is configured to transmit the information
representative of the position of the first eye with respect to
the position of the second eye to an external device that is not
disposed on or within a contact lens.

15. A method comprising:

generating first data related to position of a first eye over
which a first contact lens is worn using the first contact
lens;

generating second data related to position of a second eye
over which a second contact lens is worn using the
second contact lens; and

transmitting the first data and the second data to a device
remote from the first and second contact lenses.

16. The method of claim 15, further comprising:

detecting movement of the first eye and the second eye and
generating the first data and the second data in response
to the detecting.

17. The method of claim 16, wherein the detecting com-
prises employing one or more sensors disposed on the first
and second contact lenses.

18. The method of claim 16, further comprising:

transmitting the first data from the first contact lens to the
second contact lens;

comparing the first data with the second data; and

determining that the first and second eyes have reached
convergence based on the comparing.

19. The method of claim 18, further comprising:

in response to the determining that the first and second eyes
have reached convergence, determining a focal distance
of a wearer of the first and second contact lenses based
on the first data and the second data.

20. The method of claim 15, wherein the generating the

first data comprises:

emitting a signal from the first contact lens to the second
contact lens;

receiving a reflected signal at the first contact lens in
response to reflection of the signal off of the second
contact lens;
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determining time of flight information based on the signal
and the reflected signal; and

generating the first data based on the time of flight infor-
mation.



